abbreviatioNs 3DRA = 3D rotational angiography; CE = contrast-enhanced; DTT = diffusion tensor tractography; ESE-DNAP = electric stimuli-elicited dorsal cochlear nucleus action potential; FIESTA = fast imaging employing steady-state acquisition; MRA = MR angiography; TOF = time of flight; TRICKS = time-resolved imaging of contrast kinetics; VS = vestibular schwannoma. submitted May 2, 2014. accepted November 26, 2014. iNclude wheN citiNg Published online May 22, 2015; DOI: 10.3171/2014.11.JNS14988. disclosure This work was supported in part by Grant-in-Aid for Challenging Exploratory Research (25670618). The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. obJect The authors assessed whether the combined use of diffusion tensor tractography (DTT) and contrastenhanced (CE) fast imaging employing steady-state acquisition (FIESTA) could improve the accuracy of predicting the courses of the facial and cochlear nerves before surgery. methods The population was composed of 22 patients with vestibular schwannoma in whom both the facial and cochlear nerves could be identified during surgery. According to DTT, depicted fibers running from the internal auditory canal to the brainstem were judged to represent the facial or vestibulocochlear nerve. With regard to imaging, the authors investigated multifused CE-FIESTA scans, in which all 3D vessel models were shown simultaneously, from various angles. The low-intensity areas running along the tumor from brainstem to the internal auditory canal were judged to represent the facial or vestibulocochlear nerve. results For all 22 patients, the rate of fibers depicted by DTT coinciding with the facial nerve was 13.6% (3/22), and that of fibers depicted by DTT coinciding with the cochlear nerve was 63.6% (14/22). The rate of candidates for nerves predicted by multifused CE-FIESTA coinciding with the facial nerve was 59.1% (13/22), and that of candidates for nerves predicted by multifused CE-FIESTA coinciding with the cochlear nerve was 4.5% (1/22). The rate of candidates for nerves predicted by combined DTT and multifused CE-FIESTA coinciding with the facial nerve was 63.6% (14/22), and that of candidates for nerves predicted by combined DTT and multifused CE-FIESTA coinciding with the cochlear nerve was 63.6% (14/22). The rate of candidates predicted by DTT coinciding with both facial and cochlear nerves was 0.0% (0/22), that of candidates predicted by multifused CE-FIESTA coinciding with both facial and cochlear nerves was 4.5% (1/22), and that of candidates predicted by combined DTT and multifused CE-FIESTA coinciding with both the facial and cochlear nerves was 45.5% (10/22). coNclusioNs By using a combination of DTT and multifused CE-FIESTA, the authors were able to increase the number of vestibular schwannoma patients for whom predicted results corresponded with the courses of both the facial and cochlear nerves, a result that has been considered difficult to achieve by use of a single modality only. Although the 3D image including these prediction results helped with comprehension of the 3D operative anatomy, the reliability of prediction remains to be established.
I
n recent years, prediction of the courses of the facial and vestibulocochlear nerves before surgery for vestibular schwannoma (VS) has been attempted by use of MRI. 13, 14, 18 The current gold standard for predicting the locations of the facial and vestibulocochlear nerves in relation to VS is the balanced steady-state free precession method, which includes fast imaging employing steadystate acquisition (FIESTA). 12, 21 However, the number of patients for whom we can predict these locations by using FIESTA decreases with increasing tumor size. 15 To address this problem, Taoka et al. 22 used diffusion tensor tractography (DTT) to predict the location of the facial nerve in relation to VS. As this technology has advanced, reports of successful prediction of the location of the facial nerve in relation to large VSs by use of DTT have increased. 3, 5, 17 However, various problems have been encountered. First, investigations related to DTT conditions for VS have been insufficient, and the reliability of DTT cannot be considered adequate for everyday clinical application. Second, although some reports have indicated that DTT was able to predict facial nerve location in relation to VS, descriptions of DTT predicting cochlear nerve location in relation to VS have been lacking. With the aim of addressing these issues, we investigated DTT conditions for VS. As a result, we proposed a more reliable method than previously reported 24 and were able to depict fibers corresponding with the course of the cochlear nerve 23 ; however, the rate of depiction of fibers corresponding to the course of the facial nerve was lower than previously reported. In addition, predicting before surgery whether the depicted fibers corresponded with the facial, cochlear, or vestibular nerve or simply represented noise was difficult.
With the study reported here, we assessed whether the combined use of DTT and contrast-enhanced (CE)-FIESTA could improve the accuracy of preoperative prediction of the courses of the facial and cochlear nerves. We used multifused CE-FIESTA, with which arteries and veins were shown simultaneously, to completely eliminate surrounding vessels from the tumor. Furthermore, we applied the obtained prediction results to preoperative planning.
methods patient population
From August 2010 through November 2012, a total of 33 patients underwent surgery for VS in the Department of Neurosurgery at The University of Tokyo Hospital. Of these, 11 patients were excluded from this study because neither the facial nor the cochlear nerve could be identified during surgery. The remaining 22 patients (10 male, 12 female) were included in the study. Mean patient age was 44 years (range 18-64 years). Three of the patients had recurrent VS, and 1 of those patients had neurofibromatosis Type 2. For all patients, preoperative facial nerve function was House-Brackmann Grade I. Preoperative hearing function was Gardner-Robertson 4 Class 1 for 7 patients, Class 2 for 3 patients, Class 3 for 4 patients, Class 4 for 1 patient, and Class 5 for 7 patients. Tumor size was measured in axial cross-section as the largest diameter parallel to the posterior surface of the petrous bone. Mean tumor size was 29.6 mm (range 8.6-51.8 mm). During surgery, the origin of the tumor was revealed to be the superior vestibular nerve in 8 patients (36.3%) and the inferior vestibular nerve in 14 patients (63.6%) ( Table 1) .
The internal review board of The University of Tokyo Hospital approved the study protocol, and written informed consent was obtained from all patients before participation.
image acquisition
MRI was performed by using a Signa 3.0-T system (GE Healthcare) equipped with an 8-channel phased-array head coil. Diffusion tensor images were obtained with a single-shot spin-echo echo-planar sequence by using the following protocol: TR 17,000 msec, TE 65.6 msec, slice thickness 2.5 mm with no gap, FOV 25.6 cm, number of excitations 1, matrix size 128 × 128, and reconstructed images zero-fill interpolated to 256 × 256. Diffusion tensor imaging data were acquired along 30 noncollinear gradient directions with a b-value of 1000 sec/mm 2 and an additional zero b-image. Realignment of these images and compensation for eddy-current morphing were performed on the basis of the zero b-image on a workstation equipped with the MRI unit. We also acquired anatomical MR images by using FIESTA, CE-FIESTA, time-of-flight (TOF) MR angiography (MRA), CE TOF-MRA, and time-resolved imaging of contrast kinetics (TRICKS). The main imaging parameters for FIESTA and CE-FIESTA were as follows: TR 4.2 msec, TE 1.6 msec, slice thickness 0.8 mm, FOV 20 cm, matrix size 512 × 512, and flip angle 45°. The main imaging parameters for MRA and CE-MRA were as follows: TR 26 msec, TE 3 msec, slice thickness 0.4 mm, FOV 22 cm, matrix size 512 × 512, and flip angle 20°. The main imaging parameters for TRICKS were as follows: TR 3.6 msec, TE 1.4 msec, slice thickness 1 mm, FOV 24 cm, matrix size 512 × 512, and flip angle 20°. A clinical C-arm angiography unit (Allura Xper FD20/10; Philips Medical Systems) was used for 3D rotational angiography (3DRA). The C-arm rotated 240° at 55°/sec and obtained 120 images within a 17-inch FOV during contrast injection. The rotation was initially performed without contrast injection to obtain bone images and later performed with contrast injection. Reconstruction of 3D volume data was performed with a matrix size of 512 × 512 × 512.
All data were provided as image stacks coded in Digital Imaging and Communication in Medicine format and were processed by using Avizo 6.3 software (Visualization Science Group) and dTV-II SR software 11 on a personal computer (Dell Precision T7500; CPU Intel Xeon ×5550, 2.66 GHz, RAM 8.00 GB, graphics card NVIDIA Quadro FX5800) for prediction and planning.
preoperative prediction by use of dtt
We first depicted fibers by using the methods described below. We then determined whether the depicted fibers running from the internal auditory canal to the brainstem represented the facial or the vestibulocochlear nerve (Fig.  1) . Depicted fibers that did not reach the brainstem were considered to represent noise. Detailed methods for fiber tracking are as follows. Seed regions of interest were placed at the porus of the internal auditory canal in a plane perpendicular to the courses of the facial and cochlear nerves to include all nerves coursing inside the internal auditory canal. No target region of interest was used. For each patient, fractional anisotropy thresholds were set at the upper limit, as the value just before the fibers disappeared. As for other parameters, such as step length and turning angle, we used the default values of dTV-II SR (step length 160; turning angle 30°).
preoperative prediction by use of multifused ce-Fiesta
Vessel imaging data from modalities such as MRA, CE-MRA, TRICKS, and 3DRA were fused automatically with the normalized mutual information method. We then created a 3D vessel model according to a previously reported method. [8] [9] [10] 25 Briefly, to allow 3D visualization of tissue, we selected the modality/sequence that offered the highest contrast for the target tissue. The 3D model was constructed by using a surface-rendering method, which used a model with multiple modalities and multiple thresholds for 1 tissue. For example, for 3D modeling of an artery, the 3D reconstruction was performed with TOF-MRA for the thick artery model (main trunk and thick cortical arteries) and with original imaging data from CE-TOF for the thin artery model. Furthermore, arteries that could not be visualized on MR images were constructed in 3D by using original data from 3DRA. After creation of the 3D vessel model, we investigated multifused CE-FIESTA, in which all 3D vessel models were shown simultaneously, from various angles. Low-intensity areas running along the tumor from brainstem to the internal auditory canal were then judged to represent the facial or vestibulocochlear nerve (Fig. 2) .
Verification of Predicted Results by DTT and Multifused ce-Fiesta
After nerves identified intraoperatively were defined as "true," we verified the prediction results. The facial and cochlear nerves were also set as the subjects of verification in this study because only the facial and cochlear nerves could be identified by electrophysiological testing during surgery. That is, for candidate nerves predicted by DTT and multifused CE-FIESTA and the facial and cochlear nerves identified intraoperatively, paths in the central portion of the cistern were classified on the basis of the report by Sampath et al. 20 as coursing superior, anterior, inferior, posterior, or inside the tumor. In addition, anterior and posterior locations were further subdivided into 3 subcategories: superior one-third, middle one-third, and inferior one-third. When agreement was seen between the pathway area of a candidate nerve predicted by DTT and multifused CE-FIESTA and the pathway of a nerve iden- tified during surgery, prediction of the nerve by DTT and multifused CE-FIESTA was judged as "correct." Regarding identification methods for nerves, the facial nerve was identified by the presence of facial muscle action potentials elicited by direct facial nerve fascicle stimulation at 0.1-0.2 mA. With regard to the cochlear nerve, we used our unique invention, electric stimuli elicited dorsal cochlear nucleus action potential (ESE-DNAP) monitoring, 16 to identify the specific direct connection of the specific nerve fascicle with the dorsal cochlear nucleus by intraoperative electrical stimulation at 0.2-0.4 mA (Video 1). Multifused CE-FIESTA, however, suggests that one low-intensity area is an artery (arrowheads). c and d: In contrast, the images suggest that the other low-intensity area is not a vessel, because no corresponding vessels are evident (arrowheads). The possibility that the latter structure is a nerve is thus considered to be high. In cases in which we could not obtain ESE-DNAPs by intraoperative electrical stimulation, we used macroscopic investigation for identification.
Nerves were intraoperatively identified by the neurosurgeons performing the surgery (N.S., H.N.). Prediction by DTT and multifused CE-FIESTA was performed by author M.Y., and consistency with intraoperative findings was judged by consultation between a neurosurgeon (T.K.) who played no part in the surgery or preoperative DTT visualization and author M.Y.
preoperative planning with predicted results
In addition to 3D vessel models, we also created 3D brain, nerve, and tumor models from imaging data by using the methods described above. [8] [9] [10] 25 The 3D models of the candidates for nerves predicted by DTT and multifused CE-FIESTA were then fused with other 3D brain models, 26 and all 3D models were visualized on one 3D image. Using this 3D image, we tried to comprehend 3D operative anatomy and investigate how to resect the tumor.
results outcomes for Facial Nerve and hearing Functions
Postoperative facial nerve function was House-Brackmann 6 Grade I for 15 patients, Grade II for 6 patients, and Grade III for 1 patient. That is, House-Brackmann Grade I-III function was achieved in all 22 patients.
Postoperative hearing function was Gardner-Robertson 4 Class I for 5 patients, Class II for 1 patient, Class III for 3 patients, Class IV for 1 patient, and Class V for 12 patients. Functional hearing (< 50-dB pure tone average and > 50% speech discrimination score) was preserved in 9 (69.2%) of 13 patients. For the 8 patients in whom the intraoperative location of the cochlear nerve matched the prediction from combined DTT and multifused CE-FIESTA, functional hearing was preserved in 5 patients (62.5%).
intraoperative locations of the Facial and cochlear Nerves in relation to vs
We located the facial nerve in all patients on the basis of facial muscle action potentials elicited by direct stimulation of facial nerve fascicles. The facial nerve was located on the superior tumor surface in 2 patients, on the anterior superior one-third of the tumor surface in 13 patients, and on the anterior middle one-third of the tumor surface in 7 patients. We also located the cochlear nerve in 14 patients on the basis of ESE-DNAPs elicited by direct stimulation of cochlear nerve fascicles and in 8 patients by macroscopic investigation. The cochlear nerve was located on the anterior middle one-third of the tumor surface in 1 patient, on the anterior inferior one-third of the tumor surface in 15 patients, on the inferior tumor surface in 4 patients, on the posterior inferior one-third of the tumor surface in 1 patient, and on the posterior middle one-third of the tumor surface in 1 patient (Table 2) .
Prediction by DTT and Verification of Prediction Results
Fibers running from the internal auditory canal to the brainstem could be depicted for 18 patients. When we verified the depicted fibers with the true nerves identified intraoperatively, we found agreement between the pathway area of depicted fibers and the pathway area of the facial or cochlear nerves identified during surgery for 17 of these 18 patients. Moreover, at that time, for 3 (17.6%) of the 17 patients for whom fibers could be depicted, the depicted fiber corresponded to the pathway area of the facial nerve, and for 14 (82.3 %) of the 17 patients, this corresponded to the pathway area of the cochlear nerve. For all 22 patients, the coincidence rate of fibers depicted by DTT and the facial nerve was 13.6% (3/22) , and the that of fibers depicted by DTT and the cochlear nerve was 63.6% (14/22) ( Table 2 ). According to the above results, the sensitivity of DTT for the facial nerve was 100%, specificity was 20%, positive predictive value was 10%, and negative predictive value was 100%. Positive predictive value indicated those patients for whom depicted fibers agreed with intraoperative findings as a percentage of the total number of patients for whom DTT could predict the nerve. Negative predictive value indicated those patients for whom depicted fibers did not agree with intraoperative findings as a percentage of the total number of patients for whom DTT was able to predict the nerve. In addition, sensitivity of DTT for the cochlear nerve was 100%, specificity was 40%, positive predictive value was 66.7%, and negative predictive value was 100%.
Prediction by Multifused CE-FIESTA and Verification of predicted results
Prediction was possible for 20 patients. When we verified the predicted results with the true nerves identified intraoperatively, we found agreement between the pathway area of a candidate nerve predicted by multifused CE-FIESTA and the pathway area of the facial or cochlear nerves identified during surgery for 13 of 20 patients. Moreover, at that time, in 13 (65.0%) of the 20 patients for whom prediction could be made, the candidate nerve corresponded to the pathway area of the facial nerve, and in 1 (5.0%) patient, the candidate nerve corresponded to the pathway area of the cochlear nerve. As a result, in 1 (5.0%) patient, 2 candidate nerves corresponded to the pathway areas of both the facial and the cochlear nerves, respectively. For all 22 patients, the rate of candidate nerves predicted by multifused CE-FIESTA coinciding with the facial nerve was 59.1% (13/22) , and that of candidate nerves predicted by multifused CE-FIESTA coinciding with the cochlear nerve was 4.5% (1/22) ( Table 2 ). According to the above results, sensitivity of DTT for the facial nerve was 100%, specificity was 22.2%, positive predictive value was 65%, and negative predictive value was 100%; sensitivity of DTT for the cochlear nerve was 100%, specificity was 1%, positive predictive value was 5%, and negative predictive value was 100%.
prediction by combined use of dtt and multifused

CE-FIESTA and Verification of Predicted Results
Prediction was possible for 21 patients, and the average preparation time was 4 hours. When we verified predicted results with the true nerves identified intraoperatively, we found agreement between the pathway area of a candidate nerve predicted by DTT or multifused CE-FIESTA and the pathway area of the facial or cochlear nerves identified during surgery for 18 (85.7%) of 21 patients. Moreover, at that time, in 14 (66.7%) of the 21 patients for whom a prediction could be made, the candidate nerve corresponded to the pathway area of the facial nerve, and in 14 patients (66.7%), the candidate nerve corresponded to the pathway area of the cochlear nerve. For 10 (47.6%) of these 21 patients, candidate nerves corresponded to the pathway areas of both the facial and the cochlear nerves. For all 22 patients, the rate of candidate nerves predicted by the combination of DTT and multifused CE-FIESTA coinciding with the facial nerve was 63.6% (14/22) , and that of candidate nerves predicted by combining DTT and multifused CE-FIESTA coinciding with the cochlear nerve was 63.6% (14/22) . In addition, the rate of candidates predicted by DTT coinciding with both the facial and cochlear nerves was 0.0% (0/22), that of candidates predicted by multifused CE-FIESTA coinciding with both the facial and cochlear nerves was 4.5% (1/22) , and that of candidates predicted by combined DTT and multifused CE-FIESTA coinciding with both the facial and cochlear nerves was 45.5% (10/22) ( Table 2) . According to the above results, sensitivity of DTT for the facial nerve was 100%, specificity was 12.5%, positive predictive value was 66.7%, and negative predictive value was 100%; sensitivity of DTT for the cochlear nerve was 100%, specificity was 12.5%, positive predictive value was 66.7%, and negative predictive value was 100%.
illustrative case case 10
This patient was a 50-year-old man with hearing loss and a left-sided VS. The maximum diameter of the tumor was 39.6 mm. DTT, applied first for prediction, depicted fibers running inferior to the tumor and extending from the internal auditory canal to the brainstem (Fig. 3A) . Next, multifused CE-FIESTA showed a low-intensity area running along the anterior middle one-third of the tumor surface, which was predicted to be the nerve (Fig. 3B) . Using 3D imaging including these predicted results, we were able to gain a clear understanding of the 3D operative anatomy (Fig. 3C) . Surgery was performed using a lateral suboccipital approach. Electrophysiological diagnosis performed during the surgery confirmed that the facial nerve ran along the anterior middle one-third of the tumor surface, and the cochlear nerve passed inferior to the tumor (Fig. 3D-F,  Video 1) . These results showed that the pathway area of the fibers depicted by DTT corresponded with the actual pathway area of the cochlear nerve and that the pathway area of the candidate nerve predicted by multifused CE-FIESTA corresponded with the actual pathway area of the facial nerve.
discussion
In this study, the combined use of DTT and multifused CE-FIESTA enabled prediction of both the facial and the cochlear nerve locations in relation to VS in 10 of 22 patients with VS (mean tumor size 29.6 mm). In addition, using 3D images based on these results, we were able to gain a clear comprehension of the 3D operative anatomy.
prediction by multifused ce-Fiesta
The resolution of FIESTA images depends on T2 (spinspin relaxation time)/T1 (spin-lattice relaxation time), 1 and contrast enhancement with media such as gadolinium has a shortening effect on T1. As a result, contrast between the cranial nerve and the tumor is enhanced.
2 CE-FIESTA has therefore been used to improve the accuracy of predicting nerve locations in relation to tumor. 12 However, distinguishing nerves and small vessels on CE-FIESTA was sometimes difficult because small vessels were not always enhanced by contrast medium. This difficulty was thought to decrease prediction accuracy. As a result, to enable the elimination of surrounding small vessels from the tumor and improve prediction accuracy in this study, we fused vessel images by using CE-FIESTA. As a result, candidate nerves predicted by multifused CE-FIESTA corresponded with the facial nerve identified during surgery for 13 (59.1%) of 22 patients with VS (mean tumor size 29.6 mm). This result was superior to previously reported results, 15 in which the location of the facial nerve in relation to VS was predicted for 38 (46.3%) of 82 patients (mean tumor size 26.4 mm). Elimination of surrounding small vessels improved the accuracy of nerve location predictions.
In contrast, we found limitations of this method in terms of the accuracy of the 3D vessel model and the accuracy of registration between the 3D vessel model and CE-FIESTA. With regard to the accuracy of the 3D vessel model, we took care to depict all surrounding vessels 3-dimensionally in reference to the original images. As for registration accuracy, to decrease image misalignment, at the time of vessel image fusion, we restricted the whole area of the image to the area we wanted to investigate 26 : the area peripheral to the VS. Because of these efforts, critical errors were not encountered in this study. However, continued investigation of whether this method is valid seems warranted, given that this method was only applied to 22 patients.
prediction by combined use of dtt and multifused ce-Fiesta
In this study, when DTT alone was used, the pathway area of depicted fibers corresponded with the pathway area of the cochlear nerve for 14 of 22 patients. Conversely, when multifused CE-FIESTA alone was used, the pathway area of the candidate for nerve predicted by multifused CE-FIESTA corresponded with the pathway area of the facial nerve for 13 of 22 patients. As mentioned above, the preoperative prediction of nerve location was limited by the use of only 1 modality. However, these results also show that the fibers depicted by DTT corresponded more frequently with the cochlear nerve than with any other nerves, and the candidate nerve predicted by multifused CE-FIESTA corresponded more frequently with the facial nerve than with any other nerves. In this way, each modality showed a different prediction trend, so prediction of the location of both the facial and cochlear nerves could be achieved for 10 of 22 patients. The location of both the facial and cochlear nerves could not previously be predicted for patients with a VS larger than 15 mm. 12 These results might therefore be 1 of the reasons why the rates of functional facial nerve preservation and functional hearing preservation in patients for whom nerve locations could be predicted by combined use of DTT and multifused CE-FIESTA (100% and 62.5%, respectively) was superior to previously reported results (rates of functional facial nerve preservation 81% 19 and 96% 7 and rates of functional hearing preservation 51% 19 and 42.5%, respectively 7 ). Although our findings were superior to previous findings, overall rates of functional facial nerve preservation and functional hearing preservation were 100% and 69.2%, respectively, so improvements in intraoperative electrophysiological monitoring and operative technique might enable higher rates of functional hearing preservation to be achieved. However, because our study included only 22 patients, continued investigation to clarify the influence of these predictions to clinical outcome seems to be needed.
The reasons for the difference in prediction results between DTT and multifused CE-FIESTA are as follows. First, the cochlear nerve is changed to an extremely thin structure as a result of being compressed by the tumor. In contrast, the facial nerve maintains a bundle structure because it is separate from the origin of the tumor (the vestibular nerve). FIESTA can therefore identify the location of the facial nerve more easily than that of the cochlear nerve. Second, this study set the fractional anisotropy threshold at the upper limit for each patient; thus, nerve fiber tracts with higher fractional anisotropy values can be depicted at a higher rate than those with lower fractional anisotropy values. In addition, when we used DTT for VS patients, the nerve fiber tract depicted by DTT as the cochlear nerve presumably included part of the vestibular nerve because the cochlear nerve cannot be separated from the vestibular nerve at the brainstem and cerebellopontine segment. As a result, the fractional anisotropy values of the nerve fiber tract depicted as the cochlear nerve were higher than those of the facial nerve, leading to a higher rate of cochlear nerve depiction by DTT. Continued investigation to clarify reasons for such discrepancies seems warranted.
application of 3d images to preoperative planning
By using the combination of DTT and multifused CE-FIESTA, we were able to create detailed 3D images, including exact nerve locations. Our 3D images enabled us to comprehend not only locations of the facial and cochlear nerves but also brain and vessels peripheral to the VS. Exact comprehension of the 3D operative anatomy by use of our 3D images was thought to help reduce the risk for intraoperative complications.
study limitations
In this study, the pathway area of candidate nerves predicted by using the combination of DTT and multifused CE-FIESTA corresponded with the pathway areas for both the facial and cochlear nerves for 10 of 22 patients. However, whether the prediction represented the facial or cochlear or some other nerve was difficult to predict preoperatively. When we could predict 2 candidates, we could estimate which was the facial nerve and which was the cochlear nerve on the basis of the course and positional relationship of nerves discovered by intraoperative investigation. 20 However, the situation was uncertain, and when we predicted only 1 candidate, we based our estimations on the course and positional relationship. In this study, prediction tendencies for DTT and multifused CE-FIESTA seemed to differ, but whether the tendency was specific to each modality was uncertain. Investigation of how to distinguish prediction results must therefore continue.
conclusions
In this research, by using the combination of DTT and multifused CE-FIESTA, we were able to increase the numbers of VS patients for whom predicted results corresponded with the courses of both the facial and cochlear nerves, a result that has been considered difficult when only a single modality is used. Although our 3D images including these prediction results helped us to comprehend the 3D operative anatomy, the reliability of prediction remains to be established. 
